88/24/2804 16:45 4073«7587 FAX PAGE 06 



^ A| Sgagffla!fe^jhe Clffmc 



10 



12 
13 
14 
15 



Claims 1 - 24 (canceled) 



1 

2 
3 
4 
5 
6 
7 
8 

9 index; 



data 25 (c^ntt, A ^ flf ^ ^ ^ ^ ^ ^ ^ ^ 

Stomas in a multi-processing <™ ro „men<, coding steps of: 

n-aintainrng ^ into* „ [[4e]] ^ ^ ^ a fa ^ ^ 

searching and a second index for updating; 

responsive to each update of ft. second index, switching tok***^****^ 
becomes the second index and the updated second index becomes the first index; 

allowing searches that are in progress using the first index, before the switching, to 
continue until completion after the switching, us ing wlulLuhuu the newlv-.™^ second 



after the switching, initiating new searches using whaHrthen the newlv-switcW first 
1 1 index: 



when all searches in^rn, ^ ^ ^ iU lii lg , ^ ^^^ second mdex 
have completed, updating wbaHrfte* the pewfr-sw^ed second index ta an identical manner as 
the update to which the switching step was responsive; and 

preventing anolher operati on of the switching step until completion of the step of updating 
16 the second index in the identical manner. 

Claim 26 (canceled) 
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C^^amended): A program product storage medium containing computer 
- '^^^^^^^^^ 

^^^^^^^^^^ 
4 steps of: 6 



5 
6 
7 
8 
9 
10 

1 1 index; 
12 



16 
17 



-° 10 •** 0*»D tote a fa, ^ for 

searching and a second index for updating; 

-pensive to each update of me second index, Etching me indexes so ta me fa, index 
becomes fa second index and the updated second index becomes the first index; 

•^~^-l.|^^fafa,^ WllB(to>lrftt|i< ,. (B 
continue until common after me switching, usin B ^Hs*en me M 



13 index; 

X 5 have compiled, updaung ^hen the ^ ^ ^ m _ 



the update to which me switching step was responsive; and 



manner as 



P-entmganomerope^ionof the switching step untj, common of the aep of 
18 the second index in the identical manner. 



Claim 28 (canceled) 



1 Claim 29 (curtly amended): A computer program product for 
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2 
3 
4 



6 
7 
8 

9 
10 



embodied on one or more computer-readable media and comprising: 

computcr^dable program code means far creating two identical data structures, 
5 [[each]] both representing an initial state for accessing a angle copy of stored data; 

computer^readable program code means for performing searches agai nst a first of the two 
datastructures, the compute Wa dable program code means for performing searches further 
comprising a first program rastruction for incrementing a search use count for the first data 
structure atomically during each search to ensure no interference from other processes during that 
search and a second instruction for decrementing the search use count for the first data structure 

1 1 atomically after performing each search: 

12 computer-readable program code means for performing a first update against a second of 
the two data structures, yielding a revised data structure; 

computer-readable program code means for switching the first data structure and the 
revised data structure, responsive to completion of the computer-readable program code means 
1 6 for performing the first update, such that the first data structure becomes the second data 

structure and the revised data structure becomes the first data structure, the computer-readable 
program code means for switching the data structures further comprising a third instruction for 
re-ordering data structure pointers atomically to prevent interference from other processes during 
operation of the computer-readable program code means for switching; and 

computer-readable program code means for applying, after operation of the computer- 
readable program code means for switching, the first update against the second data structure, 
yielding a second data structure that is structurally identical to the first data structure- 
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*. computer-readable pre™ cede fc , ^ ^ 

c.^er.^p^code^^^^^^^^ 



24 
25 
26 
27 

28 the second data structure, 



1 



2 comprisitig: 



computer-readable program code meam for obtain** an exclusive lock on the second 
d*a structure prior ,o operation of the computer-readab!. program code means for performing 



5 the first update; and 
6 



computer-readable program code means for releasing the elusive lock after operator, of 
the computer-readable program code means for applying the first update. 

ClaimSI (piously presented): The computer program produ« according to data 29, wherein 
the computer-readable progsun code means for performing the firs, update further comprises 
computer-readableprogmmcodemeans for oueumg a transaction tha. specifies ™„ m<M 

first update further comprises computer-readable , 



: program code means for performing the one or 
7 ~^~«^-«. a . WTOai>a ^^^ blta 
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9 program code means for switching. 



Claim 32 (previously presented): The computer program product according to Claim 29, further 
comprisiagcomputer-read.bleprogramcode^ 

3 the second data structure that results from operation of the computer-^dable program code 

4 means for applying the first update; and wherein operation of the computer-readablc program 
code means for performing the subsequent update causes another operation of the computer- 
readable program code means for switching and the computer-readable program code means for 

7 applying. 



1 
2 
3 



7 



Claim 33 (currently amended): A computer system for serializing data structure retrievals and 
updates in a multi-processing computer system, the computer system comprising: 

means for creating two identical data structures, [[each]] botfe representing an initial state 

4 for accessing a single copy of stored data; 

5 means for performing searches against a first of the two data structures, the means for 

6 performing searches further comprising means for incrementing a search use count for the first 
data structure atom jcally during each search to ensure no interference from other processes 

8 during that search and means for atomically decrementing the search use count for the first data 

9 structure after performing each search; 

means for performing a first update against a second of the two data structures, yielding a 

1 1 revised data structure; 

12 means for switching the first data structure and the revised data structure, responsive to 
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13 
14 
15 



copied*, of the ^ for tt. fir* upd^e. such fe. 4. fmt da* beconKS 

17 switching; and 



18 
19 



means for applying, after Etching the date structures, the first update against the second 
data structure, yielding a second data structure that is structurally identical to the first data 
2 0 structure; 

2 X the means for performing searches further comprising means for activating the means for 

applying the first update against the second data structure when the search use count for the 
second data structure has a value indicating that no searches are being performed against the 
24 second data structure. 



22 
23 



Claim 34 (previously presented): The system according to Claim 33, further comprising: 

means for obtaining an exclusive lock on the second data structure prior to operation of 
3 the means for performing the first update; and 

means for releasing the exclusive lock after operation of the means for applying the fust 



4 

5 update. 



2 



Claim 35 (previously presented): The system according to Claim 33, wherein the means for 



performing the fin* update ^er«mmri^ means for queuing a transaction^ 



3 or 



more data structure traversal* and one or more data structure modifications 



that were 
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forth* comprises means for performing the one or — data structure ^versals the one or 
more data structure modifications ***k&*to^tmmto^to M dm 
1 structure that results from operation of the means for switching. 



1 
2 
3 



:means 



Claim 36 (previously presented): The system according to Claim 33, further comprising , 
for performing a subsequent update against the second data structure that results from operation 
of the means for applying the first update; and wherein operation of the means for performing the 
subsequent update causes another operation of the means for switching and the means for 
applying. 



1 
2 
3 



Claim 37 (currently amended): A method for serializing data structure retrievals and updates in a 
multi-processing computer system, comprising steps of: 

creating two identical data structures, [[each]] bgih representing an initial state for 

4 accessing a single copy of stored data; 

5 performing searches against a first of the two data structures, the performing searches step 
further comprising the step of incrementing a search use count for the first data structure 
atomically during each search to ensure no interference from other processes during the search 
and the step of decrementing me search use count for the first data structure atomically after 

9 performing each search; 

1 0 performing a first update against a second of the two data structures, yielding a revised 

H data structure; 
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12 



Pitching the first data structure and the revised data structure, responsive to completion 

13 of the step of performing the firstupdale, such that the first data structure becomes the second 

1 4 data structure and the revised data structure becomes the first data structure, the step of switching 
the data structures further comprising the step of reordering data structure pointers atomicaJJy to 
prevent interference from other processes during operation of the switching step; and 

applying, after the switching step, the first update against the second data structure, 
yielding a second data structure that is structurally identical to the first data structure; 

the step of performing searches further comprising the step of activating the step of 
2 0 applying the first update against the second data structure when the search use count for the 
2 1 second data structure has a value indicating that no searches are being performed against the 
2 2 second data structure. 



15 
16 

17 
18 
19 



1 Claim 38 (previously presented): The method accordingto Claim 37, further comprising steps of: 

2 obtaining an exclusive lock on the second data structure prior to performing the first 

3 update; and 

4 releasing the exclusive lock after applying the first update. 



1 
2 
3 
4 



one 
were 



Claim 39 (previously presented): The method according to Claim 37, wherein the step of 
performing the first update further comprises the step of queuing a transaction that specifies 
or more data structure traversal* and one or more date structure modifications that 
performed to yield the revised data structure, and wherein the step of applying the first update 
5 further comprises the step of performing the one or more data structure traversal, and the one or 
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6 more data structure modifications specified in the queued transaction against the second data 

7 structure that results from operation of the switching step. 

1 Claim 40 (previously presented): The method according to Claim 37, furmer comprising the step 

2 of performing a subsequent update against the second data structure that results from applying the 

3 first update; and wherein the step of performing the subsequent update causes repeating the 

4 switching step and the applying step. 

1 Claim 41 (currently amended): A method for serializing data retrievals and updates in a 

2 computing environment, comprising steps of: 

3 creating two identical indexes, [[each]] both, representing an initial state for accessing 

4 stored data and each indexing a single copy of the stored data; 

5 performing searches against a first of the two indexes; 
performing a first update against a second of the two indexes, yielding a revised index; 
serializing information describing o n huw die JLat updaU, aflli-t&d the j,muud index ; 

iromdmg a traversal path taken thitmph [[how]] the second index was tiav c i se d for making the 
9 first update and pne or more modifications made to [[how]] the second index wasT n o difi td in the 
10 first update; 

switching the first index and the revised index, responsive to performing the first update, 
such that the first index becomes the second index and the revised index becomes the first index; 

applying, after the switching step, the first update serial i^ulhifoimaUuij to the second 
index, using the sgrighjssd information about describing the tr aversal nath a „rf «fa m ~- 



6 
7 
8 
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15 
16 



Wtremodificgt i fl Sa the sec o nd iudui w Uavuuul a n d modified to effirimllj i traverse and 
modify the newly-switched second index, thereby yielding a second index that is synchronized 

1 7 with, and structurally identical to, the first index; and 

1 8 performing subsequent searches against the first index. 



1 
2 
3 
4 

1 



4 



9 
10 
11 



Claim 42 (currently amended): The method according to Claim 41, further comprising the step of 
performing a subsequent update against the second index that results from applying the serialised 
mWttbn first update; and wherein the step of performing the subsequent update causes 
repeating the serializing, switching, and applying steps. 



Claim 43 (currently amended): A method of serializing access to data in a computing system, 

2 comprising steps of: 

3 maintaining two trees as indexes to [[the]] asindeconvof H^ a of whjch is ^ 
for searches and a second of which is used for update operations, each tree having a use count 

5 associated therewith; 



o cartymg out searches using the search tree, further comprising the steps of: 

7 determining, for each new search request, which of the trees is currently the search 

8 tree; 



incrementing the use count for the search tree; 

performing the new search request using the search tree; and 

decrementing the use count for the search tree, responsive to completion of the 
12 performing step; and 
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1 3 carrying out each update using the update tree, further comprising the steps of: 

1 4 determining which of the trees is currently the update tree; 

1 5 performing an update again st to the update tree; 

1 6 serializing a record o f how describing the update affected & the update tree; 

1 7 switching the update tree lo become the search tree and the search tree to become 

18 the update tree, responsive to completion of the steps of performing the update and serializing the 

1 9 record; and 

2 0 applying the serialized record to the .newly-switched update tree, provided that the 

21 use count for the newly-switched update tree has reached a value that indicates that no search 

2 2 requests are currently being performed against this newly-switched update tree, delaying the step 

2 3 of applying the serialized record if necessary until the use count for the newly-switched update 

2 4 tree has reached this value, and wherein the step of applying the serialized record ensures that 

2 5 both the search tree and the update tree reflect each update. 

1 Claim 44 (previously presented): The method according to Claim 41, wherein the indexes are 

2 implemented as trees. 



1 Claim 45 (previously presented): The method according to Claim 41, wherein the indexes are 

2 implemented as hash tables. 
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